According the multimedia principle, tablet devices are interesting learning tools for education because of their touch interfaces, and the features of influencing tactile, visual and auditory senses. Furthermore, the possibility to adapt the learning concerning students' needs and the ability to provide rich learning content make this tool powerful to support a more constructivist, inquiry-based learning approach. However, little is known about how these tools may affect the learning process. From a cognitive load perspective, authentic inquiry-based learning using technology could be very demanding and could ask a lot from students, because they are characterized by many interacting elements, which consequently leads to a large amount of information that must be processed simultaneously in the limited available working memory. While available research indicates that the cognitive load of students is a good indicator to represent the impact of technology on the conceptual acquisition of the students, an investigation of cognitive load and its' effects on students' learning when using tablet devices is needed. In this light, a quasi-experimental study was set up during a fourweek science course involving 133 students of 9 th and 10 th grade, and pretest-posttest differences were measured. Next to an achievement test, cognitive load was measured by using the NASA-TLX measurement. Students were randomly assigned to two conditions: 1) tasks on tablets with adapted learning material according to the students' needs, 2) tasks on tablets without adaptive learning material. The adapted learning material was based on the theoretical framework of Tomlinson. Students in both the conditions used an inquiry-based tablet application. The results show that students gained knowledge after the intervention, and especially students of the experimental condition outperformed students who worked without adaptive material on their tablets. In addition, a paired-t-test shows that the cognitive load was significantly lower in the posttest compared with the cognitive load measured in the pretest. Furthermore, condition has an impact on students' cognitive load. These results show that tablets can be introduced to reduce the cognitive load. However, while working with adapted material on tablets can meet students' needs, one should be cautious with increasing the cognitive load. To conclude, this research confirms the importance to take cognitive load into account, because of its significant impact on students' learning.
INTRODUCTION
The growing diversity necessitates the development and use of diverse teaching strategies to respond to the individual needs of students. In this light, Tomlinson [1] states that teachers can meet the diversity of students through an adaption of content (what is learned), an adaption of process (how the content is mastered by the student), an adaption of the product (how the learning is observed and evaluated), or by adaption of the learning environment. According to the adaption of the learning environment, technology can be added to facilitate differentiation, because it allows opportunities to provide students with adaptive content tailored to their needs [2] . However, despite the awareness of the need for differentiation [3, 4] , specific research on how differentiated instruction can be implemented and supported by technology is still limited.
Recently, a tool that finds its way into education is the tablet device. This tool can be considered as an interesting tool for education because of the touch interfaces, and the features of influencing tactile, visual and auditory senses [5] . While tablets offer new possibilities to the learning environment because next to its instrumental value -by its lightness and serving as an all-in-one-device -it can foster differentiated learning [6] . Moreover, based on the multimedia principle [7] , tablets are appropriate tools to learn both from words and pictures simultaneously. However, because tablets involve a high device-user exchange, it is increasingly important to question how this technology interacts with the cognitive structure. There is little examination of how users interactions with these technological objects affect the learning process [5] .
From a cognitive load perspective, authentic inquiry-based learning using technology could be very demanding and could ask a lot from students because they are characterized by many interacting elements, which consequently leads to a large amount of information that must be processed simultaneously in the limited available working memory [8] . While available research indicates that the cognitive load of students is a good indicator to represent the impact of technology on the conceptual acquisition of the students [9] . Therefore, an investigation of cognitive load and its' effects on students' learning when using tablet devices is needed. The cognitive load theory (CLT) focuses on the human cognitive architecture that refers to the structure of our mind, which consists of two main components. The working memory entails a limited capacity to process new unorganised information, and transfers learned information into schemata for storage in the unlimited long-term memory [10] . The CLT provides an appropriate framework for optimising learning by designing instructional strategies that takes the limited working memory into account [11] . Such environments can enhance the cognitive load of learners because besides its' complexity of the task itself, it also entails a technical complexity to tackle [12] . When learning using tablets, providing differentiated content is interesting because it highlights how individual differences in learners' cognitive ability influence cognitive overload [5] . Moreover, available research that focuses on cognitive load revealed that students' prior-knowledge is the most important learner characteristic that influences the learning process [13] . When learners do not have relevant knowledge, they have to deal with much new information, which can lead to an overload in the working memory, or cognitive overload. In addition, the expertise-reversal effect indicates that while some instructional strategies are effective for novices, they can have rather negative consequences for more experienced learners [14] . Thus, based on this information, tailored adaptive learning material can help learners to control the cognitive load, to maximize learning. In line with the theoretical framework and building on the aforementioned gaps, the next research questions drove this study:
• RQ1) What is the impact of using tablets towards students' cognitive load and learning?
• RQ2) Is there an impact of condition on cognitive load and learning?
METHODOLOGY
A quasi-experimental study was set up during a four-week science course involving 133 students of 9 th and 10 th grade. By using a pretest and a posttest measurement, differences between the regular science course and the science course with tablets are compared. Next to an achievement test (max. score 10), cognitive load was measured by using a modified version of the NASA-TLX measurement of Hart & Staveland [15] . The multi-dimensional NASA-TLX measures workload via six subscales, each associated with a different source of workload. Each of the six cognitive load items was rated on a scale ranging from 0 (low cognitive load) to 10 (high cognitive load). See Table 1 for the corresponding items: Table 1 . NASA-TLX measurement
Subscales
Corresponding item
Mental demand How much mental activity was required?
Physical demand How much physical activity was required?
Temporal demand How much time pressure did you feel due to the pace at which the tasks occurred?
Performance How successful were you in performing the task?
Effort How hard did you have to work to accomplish the task?
Frustration How irritated, stressed, and annoyed did you feel during the task?
In a quasi-experimental design, students were randomly assigned to two conditions: an experimental condition with tasks on tablets and adapted learning material according to the students' needs versus the control condition whereas students worked also on tablets but without the adapted learning material. The adapted learning material was based on the theoretical framework of Tomlinson. According to this framework, the learning material was differentiated among content, process, and product according to student's readiness, interests, and learning profiles [1] . Moreover, concerning content, students completed adapted exercises according to their readiness. Concerning the process, students could choose the way that they wanted to learn the material. They could choose between watching an instructional movie, reading a text, and manipulating objects as different ways of learning the same content. Concerning product, students were free to choose between different applications (Mindmeister, explain everything, Prezi, or PowerPoint) to prepare their presentation of a particular illicit drug.
Students in the two conditions used an inquiry-based tablet application concerning drug prevention (High!). In this educational package, students were offered inquiry tasks concerning the different illicit drugs and the harmful impact of these drugs on the brain. Because this topic entails an amount of abstractness, using tablets (scanning QR-codes, watching movies, manipulating objects, etc.) to visualize the content is appropriate. In addition to the digital learning environment, each student received an individual paper notebook and an overview of the exercises. In this environment, miniinquiry tasks based on the inquiry steps of Bruce and Davidson [16] were developed. The steps implemented included: 1) building a research question, 2) a hypothesis, 3) collecting data, 4) making a data-analysis, 5) discussion, and 6) reflection.
RESULTS

RQ1: Impact of the tablet intervention on cognitive load and learning
The intervention has an impact on students' learning (t(122) = 12.60, p = .000). Moreover, students scored higher in the posttest (M = 6.00, SD = 2.05) compared to the pretest (M = 3.56, SD = 2.13). In addition, paired samples t-tests were conducted to compare the means of the six different cognitive load constructs before and after the intervention, thus comparing the cognitive load as experienced in the regular science course with the science course whereas tablets were integrated. As described in Table 2 , t-test results show that there is a significant decrease of the constructs mental demand and effort. Moreover, the use of tablets during the science course has decreased students' feeling that learning science is less mentally demanding compared with the course before the tablet implementation. In addition, students reported that by using tablets, they perceived to do less effort to acquire the needed knowledge. 
RQ2: Impact of condition on cognitive load and learning
An univariate analysis with the learners' pre-achievement test as covariate shows that condition is significant (F(1,120) = 11.15, p = .001). Moreover, students of the experimental condition performed better (M = 6.54, SD = .23) compared to students of the control condition (M = 5.37, SD = .25). In addition, the descriptives (see Table 3 ) show interesting results, such as the fact that students of the experimental condition reported that working with adapted learning material has increased the physical demands and required more effort to accomplish the tasks, compared to students of the control condition. In addition, students in the control condition without the adaptive material reported a higher level of frustration and stated that the task on the tablet was more mentally demanding. However, based on univariate analysis of variance, only the construct performance is significant. Students of the experimental condition reported to be more successful to learn compared to the students of the control condition. 
CONCLUSIONS
The touch interfaces, and the features of influencing tactile, visual and auditory senses [5] , make the tablet an appropriate tool to support a more constructivist, inquiry-based learning approach [4] . However, little is known about how these tools may affect the learning process. In addition, from a cognitive load perspective, inquiry-based learning using technology could be very demanding and could ask a lot from students because they are characterized by many interacting elements, which consequently leads to a large amount of information that must be processed simultaneously in the limited available working memory [8] . Informed by the cognitive load theory [10] , this study investigated the impact of cognitive load on learning while using tablet devices. In a quasiexperimental design, students were randomly assigned to two conditions: 1) the experimental condition with tasks on tablets with adapted learning material according to the students' needs, 2) the control condition with tasks on tablets but without adapted learning material. Pretest and posttest measurements were investigated among 133 students of 9 th and 10 th grade. Next to an achievement test, cognitive load was measured by using the NASA-TLX measurement [15] .
Results from the first research question show that besides students' knowledge tests were significant higher in the posttest compared to the pretest (that is, students acquired knowledge), two constructs of cognitive load (e.g., mental demand and effort) were significantly lower in the posttest compared with the cognitive load measured in the pretest. This means that students perceived a lower cognitive load when using tablets. This result highlights that the use of tablet technology made abstract content more visible and touchable [5] , and following the multimedia principle of Mayer [7] , a lower cognitive load can be related to the way that by learning words and pictures simultaneously, this results in a lower need of cognitive capacity, and thus a lower cognitive load. When regarding the second research question, the condition plays an important role towards the gained knowledge. Moreover, students of the experimental condition performed better compared to students of the control condition. This finding shows that tablet devices, by its affordances, can indeed foster differentiated learning [6] . Furthermore, while descriptives show that students who worked with adaptive material reported that the tablet task was physically demanding and they had to invest more effort, while students without adaptive material tended to be more frustrated and reported an increased mentally demand, only the construct 'performance' was significant, indicating that students without adaptive material experienced the lowest level of success during the task. The result of this last research question shows the importance of adapting the learning material to meet individual students' cognitive capabilities, and highlights how individual differences in learners' cognitive ability influence cognitive overload [5] . The lower results in the control condition can be related towards the fact that when learners do not have relevant knowledge, they have to deal with much new information, which can lead to an overload in the working memory, or cognitive overload [13] . In general, these results show that tablets can be introduced to reduce the cognitive load. However, based on the descriptives, one should be cautious with increasing the cognitive load by providing adaptive material, because it may increase the (mental) effort that students had to invest to complete the tasks.
Some limitations and venues for further research can be discussed. First, due to this large-scale study, cognitive load was measured only before and after the intervention, and this by using a subjective measurement tool. Because a retrospective, subjective-based measurement has been used, questions can be raised concerning the validity of the measurement of cognitive load. In further research, direct and objective measurements should be used, such as eye-tracking measurements. Eye-tracking tools could measure the cognitive capacity of students real-time, while they are performing the task. This will make the measurement of cognitive load more accurate and valid. Secondly, while this study was a first step in measuring the relation between cognitive load and students' achievement at the end of a tablet intervention, only an indication of the global cognitive load is measured. Further research should focus on a single specific task on the tablet, or conducting repeated measures of the specific cognitive load during each task. To conclude, because of the rapid introduction of tablet devices in education, more research is needed in order to investigate the interactive nature of tablets in relation with cognitive load and thus students' achievement, in order to set up specific guidelines concerning the development of learning material on these specific tools.
